The spin crossover complexes {Fe[H 2 B(pz) 2 ] 2 L} ([H 2 B(pz) 2 ] 2 = dihydrobis(pyrazolyl)borate, L = 2,2A-bipyridine (1), bipy and 1,10-phenanthroline, phen (2)) undergo both thermal and light induced spin crossover, but the structure of the low spin and light induced high spin states for 2 are different from that of the thermally induced high spin state and from those of 1.
The ability of spin crossover (SC) materials to change their magnetic, structural and optical properties stimulated by pressure or temperature, has led to increasing interest in their potential use in technological applications such as molecular switches, data displays, data storage devices and more recently as intelligent contrast agents for Magnetic Resonance Imaging. 1 The discovery that at low temperature it is sometimes possible to photo-excite SC materials into a metastable high spin state 2 has enabled the study of high and low spin complexes without the added complication of thermal effects. This Light Induced Excited Spin-State Trapping (LIESST) has also engendered significant interest in the optical properties of these materials.
While structural studies of thermally induced high and low spin complexes (HS and LS) are increasingly common, structure determinations of the metastable high spin state (MHS) are still very rare with only a handful reported in the literature. 3 In addition, to date, all structural studies on metastable light induced states have been carried out on materials where the LS, HS and MHS states are isostructural. Here we present the first structural study of a spin crossover complex, which exhibits thermal and light induced polymorphism.
Both {Fe[H 2 B(pz) 2 ] 2 bipy} (1) and {Fe[H 2 B(pz) 2 ] 2 phen} (2) undergo thermally induced SC (with characteristic temperatures of T 1/2 ≈ 160 K) as well as light-induced SC. 4 The thermal transition in 2 is more cooperative than in 1 though, as shown by the more abrupt transition that takes place with hysteresis. Structural data have been reported previously for 1 above and below the SC transition, however, until now it had only been possible to collect data on 2 in the HS state as the crystal suffers structural damage on cooling through the transition. This problem was avoided by embedding the crystal in epoxy resin that remained flexible when immediately quench cooled.
Single crystal diffraction data ‡ have been recorded for 1 at 200 K, 120 K, 30 K and at 30 K after irradiation with a red laser (l = 633 nm). The structure of the HS and LS states agree with the published data, where the structure is monoclinic (C2/c), with the molecule astride the two-fold rotation axis, which passes through the centre of the iron atom and between the rings of the bipy ligand. On cooling through the transition, there is a decrease in the average Fe-N bond length and the volume of the FeN 6 octahedron (Table  1) , which is consistent with those seen previously for this and other SC compounds. After irradiation, the unit cell volume, average Fe-N distance and octahedral volume increase to values that suggest there has been close to 100% conversion to the MHS state, as seen from the magnetism.
Single crystal diffraction data § have also been recorded for 2 at 200 K, 100 K, 30 K and at 30 K after irradiation. The crystal was found to be in the C2/c monoclinic space group at 200 K (HS, same as in 1), but to undergo a loss of symmetry to a related, primitive structure (P1), with unit cell volume approximately half that of the high spin structure. This loss of lattice symmetry also leads to the loss of the C 2 molecular symmetry and this dramatic structural change explains the structural damage that previously led to difficulties in collecting data. The Fe-N bond lengths for 2 at 200 K and 100 K, clearly indicate a spin crossover transition coupled with the structural change ( Table 1) .
There is no further structural change on cooling 2 to 30 K. However, irradiation of 2 at 30 K leads to an increase in the unit cell volume from 1192.9(4) Å 3 to 1231.0(13) Å 3 (3.2%), and a corresponding increase in the octahedral volume from 10.53(2) Å 3 to 13.44(3) Å 3 indicates a high degree of conversion in agreement with that seen from the magnetic data. 4 Thus, the MHS state generated by irradiation with light has produced a second high spin polymorph, without the C 2 symmetry seen in the first. An overlay of the two HS molecules shows the conformational difference between the polymorphs (Fig. 1) In addition to the loss of molecular symmetry, there is also a change in the crystal packing. The C2/c structures of 1 and 2 form stacks held together with p-p interactions between the interdigitating bipy/phen ligands (Fig. 2) . At 200 K, the phen-phen distance is 3.886(6) Å, which on cooling to 100 K, splits into two shorter, non-equivalent distances (3.657(9) Å and 3.528(9) Å). Between 100 K and 30 K, these distances contract (to 3.640(7) Å and 3.507(7) Å). While in 1 the bipy-bipy distance is 0.06 Å shorter for the MHS state than for the thermal HS state, the light induced expansion in 2 is highly asymmetric. In 2, one phen-phen distance remains unchanged (3.638(10) Å) and the second expands by approximately 0.3 Å to 3.813(11) Å. This peculiar behaviour suggests that the light induced high spin polymorph is relatively unstable and only occurs because there is insufficient energy (supplied by the laser or available as thermal energy) to enable the structure to undergo a symmetry change to the preferred C2/c structure. This also explains why the relaxation temperatures (T LIESST ), 6 as observed from the magnetic data, for the MHS states for 1 and 2 are 52 K and 44 K respectively. This is unusual because the thermal transition for 2 on cooling begins at a slightly lower temperature than that for 1, and in general, higher temperature thermal SC transitions yield lower temperature relaxations for the LIESST state. The thermal HS state for 2 is marginally more stable than that for 1, suggesting that the light induced MHS state for 2 should also be more stable, and consequently the relaxation from the MHS state should take place at a higher temperature for 2 than for 1. The light induced polymorphic behaviour of 2 explains why this is not the case, and in practice the C2/c MHS state of 1 is more stable than the triclinic light induced high spin polymorph of 2.
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Notes and references ‡ The crystals of 1 were synthesised as discussed previously in the literature. 4 A typical red crystal was chosen 0.20 3 0.10 3 0.07 mm, mounted in fluoropolyether oil on a hair and quench cooled to 200 K using an Oxford Cryosystems Cryostream 600 series open flow N 2 cooling device. 7 Using a Bruker SMART-CCD 1000 area detector diffractometer, with graphite-monochromated Mo-Ka radiation (l = 0.71073 Å), several sets of w-scans (0.3°/frames) at different f settings were collected. On completion, the crystal was cooled to 120 K at 240 K h 21 , where the data collection was repeated. The crystal was then warmed to 200 K at 180 K h 21 then to 290 K at 360 K h 21 where the crystal was removed. The Cryostream was then replaced with an Oxford Cryosystems HeliX open flow helium cryostat, 8 and the crystal was cooled to 30 K in stages. At 30 K a hemisphere of data was collected (w-scans, 0.9°/frames), after which the crystal was irradiated for approximately 30 min with a 25 mW red laser (l = 633 nm) after which data were collected as at 200 K and 120 K. Cell parameters were determined and refined using the SMART software 9 and raw frame data were integrated using the SAINT program. 10 The structures were solved by direct methods and refined by full-matrix least squares on F 2 using SHELXTL software 11 (crystal data are listed below). Reflection intensities were corrected for absorption effects by numerical integration based on measurements and indexing of the crystal faces (using SHELXTL software). Non-hydrogen atoms were refined anisotropically and hydrogen atoms were located in the difference map and refined with isotropic displacement parameters. Single Crystal Data: § The crystals of 2 were synthesised as discussed previously in the literature. 4 A typical red crystal was chosen (0.28 3 0.10 3 0.02 mm), mounted in epoxy resin (Araldite ® ) on a hair and quench cooled to 200 K using an Oxford Cryosystems Cryostream 600 series open flow N 2 cooling device. 8 Using a Bruker SMART-CCD 6000 area detector diffractometer, with graphite-monochromated Mo-Ka radiation (l = 0.71073 Å), data were collected as for 1. On completion, the crystal was cooled to 100 K at 360 K h 21 , where the data collection was repeated. A second red crystal (0.15 3 0.12 3 0.08 mm) was selected, mounted (as before), and quenched to 200 K using an Oxford Cryosystems HeliX. 7 Cell parameters recorded using a Bruker ProteumM diffractometer with Bede Microsource ® (Mo-Ka radiation, l = 0.71073 Å), agreed with those seen previously at 200 K, so the crystal was cooled to 30 K at 360 K h 21 , where a hemisphere was collected (as before). On completion, the crystal was irradiated for approximately 2 min with a 25 mW red laser (l = 633 nm) after which another hemisphere was collected. The data treatment was carried out as for 1, except that hydrogen atoms were positioned geometrically and refined using a riding model. Single Crystal Data: 
